Hepatocellular carcinoma (HCC) is the third cause of cancer-related mortality. α-fetoprotein (AFP) is not a highly sensitive marker for predicting HCC despite its high specificity. Serum Golgi protein-73 (sGP73) seems to be promising new marker. This study aimed at evaluating the role of sGP73 alone and in combination with AFP for diagnosing HCC.
Introduction
Hepatocellular carcinoma (HCC) is the fifth predominant cancer worldwide, and the third cause of mortality related to cancers. In addition, it is the main cause of primary liver cancer, accounting for nearly 90% [1] . Chronic hepatitis C and B, aflatoxins exposure [1] , hemochromatosis [2] , and alcoholic hepatitis [3] are known predisposing factors of HCC.
Hepatitis C virus (HCV) is endemic in the Egyptian population, and HCC rate is estimated to be 14.7% [4] . HCC is ranked the second in men and the sixth in women as the leading cause of mortality related to carcinomas in Egypt [5] .
Screening and early detection of HCC provide a hope for cure and increase survival of patients. Ultrasound is the most sensitive measure for screening at present, but it is highly operator dependent. α-fetoprotein (AFP) has been proven to be low in sensitivity and not costeffective for screening and diagnosis [6] [7] [8] .
HCC diagnosis depends mainly on radiological findings, where triphasic computed tomography (CT) or MRI show arterial enhancement and delayed venous washout, with only AFP as the blood marker [8] . AFP at a level of 16 ng/ml showed a sensitivity of 62.4% and a specificity of 89.4% in diagnosing HCC [9] . According to Ryder [10] , a level greater than 400 ng/ml is usually regarded as diagnostic.
Recent studies have identified Golgi protein-73 (GP73 or Golgi phosphoprotein II) as a novel biomarker for HCC. GP73 is a 400-amino acid, 73-kDa transmembrane glycoprotein that normally resides within the cis-Golgi complex in the epithelial cells of certain human tissues [11] . It is expressed in the This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work noncommercially, as long as the author is credited and the new creations are licensed under the identical terms. binary epithelial cells of normal liver [12] . It has been previously shown that serum GP73 (sGP73) is significantly elevated in HCC patients [13] .
GP73 has been found in a recent meta-analysis to have comparable sensitivity and specificity to that of AFP [10] . These values might be superior to those of AFP [13] , and have an additional benefit of increasing AFP accuracy when included in the diagnosis [14] .
This study aimed to evaluate the possible role of sGP73 in HCC diagnosis in Egyptian patients alone and in combination with AFP.
Patients and methods
The present case-control study was conducted at the Gastroenterology and Hepatology Unit, Internal Medicine and Tropical Medicine Departments, Ain Shams University Hospital, Cairo, Egypt from December 2014 to December 2015.
It included 90 patients who were divided into two groups.
Group 1 (control group)
This group included 45 patients with liver cirrhosis due to HCV infection. Liver cirrhosis was diagnosed clinically, biochemically, and radiologically. Chronic HCV infection was diagnosed by positive HCV antibody and positive quantitative HCV PCR.
Group II (patient group)
This group included 45 patients with HCC along with HCV-related cirrhosis diagnosed by two imaging modalities − abdominal ultrasound and the characteristic arterial enhancement and venous washout by triphasic abdominal CT.
Written informed consent was obtained from all patients before inclusion to the present study. The Research Ethical Committee of Faculty of Medicine, Ain Shams University, approved the study protocol according to the ethical guidelines of the 1975 Declaration of Helsinki.
Patients with hepatic focal lesions not due to HCC, such as hemangioma, hepatic cyst, or liver metastases, those infected with HIV, as well as those with any autoimmune diseases were excluded.
All participants were subjected to the following:
(1) Complete history taking and clinical examination.
(2) Laboratory investigations including the following:
(a) This study is registered at https://clinicaltrials.gov/ show/NCT03039322. The registration identification number is (NCT03039322 Unique Protocol ID: 914).
Results
In the present study, HCC was more frequently observed in male patients than in females with a male-to-female ratio of 2 In the present study, 62.2% of HCC cases were from urban areas, 53.3% had a history of smoking, and 4.4% had a history of alcohol intake.
The presenting symptoms in the HCC group were abdominal pain in 68.9% of patients, abdominal distension in 64.4%, and weight loss in 42.2%. The most prominent physical features in HCC patients were splenomegaly in 75.6% and the presence of ascites in 64.4%.
There were nonsignificant differences between the HCC group and the cirrhosis group regarding serum alanine aminotransferase, aspartate aminotransferase, bilirubin, albumin, and international normalized ratio. There were significantly higher values of serum uric acid and creatinine in HCC patients than in cirrhotics as shown in Table 1 .
Regarding radiological investigations, 33.3% of HCC patients showed heterogeneous hepatic echogenicity, 46.7% had shrunken liver, 64.4% had ascites, and 8.9% had portal vein thrombosis. Twenty-four (53.3%) patients in the HCC group had single hepatic focal lesion, and in 60% of them the lesion was in the right lobe. Five (11.1%) HCC patients had two focal lesions, 10 (22.2%) had three focal lesions, and six (13.3%) had more than three lesions. The median (interquartile range) size of focal lesions in the HCC group was 3.5 (2.5-5.0) cm.
There was a highly significant difference between both groups regarding AFP and GP73 serum levels (Table 2) .
There was no significant correlation between sGP73 and other studied parameters in the HCC group.
There was a significant negative correlation between sGP73 and age in the cirrhosis group (Table 3 ). There was no significant relationship between number of hepatic focal lesions and serum levels of AFP and GP73 among HCC patients (Table 4 ).
Using receiver operating characteristic curve analysis, the cutoff value of serum AFP greater than or equal to 40 ng/ml showed a sensitivity of 51.1%, a specificity of 97.8%, a diagnostic accuracy of 74.5%, and an area under the curve (AUC) of 0.802 in differentiating HCC from liver cirrhosis. The cutoff value of sGp73 greater than or equal to 1.4 ng/ml showed 75.6% sensitivity, 97.8% specificity, 86.7% diagnostic accuracy, and an AUC of 0.908 in differentiating HCC from liver cirrhosis. The combined use of the two markers (AFP and Gp73) increased the sensitivity, specificity, diagnostic accuracy, and AUC to 84.4, 95.6, 90, and 0.947, respectively (Tables 5-7 and Fig. 1 ).
Discussion
Screening for HCC is crucial in patients with liver cirrhosis, and the use of serological biomarkers in such patients may help early diagnosis and improve survival [8] . AFP has been considered as the only HCC marker for a long time, although its sensitivity of 39-65% is not satisfactory. In addition, it has low specificity because it can also be detected in patients with cirrhosis (up to 47%) and chronic hepatitis (up to 58%). Recent studies have identified sGP73 as a novel biomarker for HCC. The combined measurement of GP73 and AFP has been suggested to increase the sensitivity for HCC detection [15] .
In the present study, all HCC patients were HCV positive. HCV plays an important role in HCC pathogenesis in Egypt, because of its higher prevalence in this area, which is almost 15% [5, 16, 17] .
There were significantly higher median levels of serum AFP and GP73 in the HCC group (56 and 4 ng/ml, respectively) than in the liver cirrhosis group (7 and 0.3 ng/ml, respectively). This is in agreement with the studies by Mao et al. [15] , El-Awady et al. [18] , and Dai et al. [19] . GP73, which is widely expressed in human epithelial cells, is not expressed in normal human hepatocytes, but is highly expressed in hepatocytes of liver disease patients, especially HCC patients [20] . The elevated levels of GP73 expression identified in HCC may be due to abnormal core fucosylation of GP73 by α1, 6-fucosyltransferase enzyme, which is increased in HCC. However, the precise mechanism of GP73 elevation in HCC is still unclear [21] . The diagnostic range for measuring GP73 by ELISA produced by most companies lies between 0.6 and 40 ng/ml or between 6.25 and 200 ng/ml. Hence, the cutoff values were variable in previous studies. In the study by Hu et al. [13] , a cutoff value of 7.4 ng/ml yielded a sensitivity of 77% and a specificity of 84%. In the study of Mao et al. [15] , a cutoff value of 8.5 ng/ml had a sensitivity and specificity of 74.6 and 97.4%, respectively. However, in the study by Shi et al. [22] , a cutoff value of 100 ng/ml had a sensitivity and specificity of 98 and 95%, respectively.In the present study, the used kit had a lower range (0.1-10.8 ng/ml), which proved that even in lower ranges of GP73 similar results can be obtained. With a cutoff value greater than or equal to 1.4 ng/ml, the sensitivity was 75.6%, specificity was 97.8%, diagnostic accuracy was 86.7%, and AUC was 0.908. On the other hand, AFP at a cutoff value greater than or equal to 40 ng/ml yielded a sensitivity of 51.1% and specificity of 97.8%, thus showing superior sensitivity and specificity of GP73 over AFP in differentiating HCC from cirrhosis. Similarly, multiple previous reports have shown that sGP73 is superior to AFP as a serum biomarker for HCC [13, 15] .
There was no correlation between the size or the number of HCC lesions and the levels of either GP73 or AFP, which is in agreement with previous studies performed by Mao et al. [15] and Tian et al. [23] .
A recent systematic review addressed the issue of combining multiple biomarkers in increasing the accuracy of HCC diagnosis. Those biomarkers included AFP isoform (AFP-L3), desgamma carboxy prothrombin, GP73, and AFP. Of those, only the combined use of GP73 and AFP proved to be of useful for both HCC diagnosis and screening with the highest AUC=0.932 [24] . This was confirmed by another meta-analysis, which examined the effectiveness of GP73 in comparison with or in addition to AFP, and concluded that the best diagnostic accuracy was obtained by the combination of AFP and GP73 with an AUC of 0.91 [20] . This is similar to the results of the present study in which combined measurement of AFP and GP73 increased the sensitivity to 84.4% with adequate specificity reaching 95.6%, diagnostic accuracy 90%, and AUC 0.947 in differentiating HCC from liver cirrhosis.
Conclusion
GP73 could be a promising marker for diagnosing HCC, especially when combined with AFP.
However, its addition to the HCC guidelines needs more validation on a wide-scale population with geographically variable backgrounds.
